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5 Cross-Reference to Related Applications 

This application is related to the following commonly owned United States patents and 
patent applications: United States patent application serial no. 09/591,371 filed June 9, 2000 
entitled Method and Apparatus for Monitoring Anti-Platelet Agents; United States patent 
application serial no. 10/384,345 filed March 2, 2003 entitled Protocol for Monitoring Platelet 
10 Inhibition; United States patent application no. 10/409,479 filed April 8, 2003 entitled Method 
and Apparatus for Monitoring Hemostasis in Connection with Artificial Surface Devices and 
United States patent no. 6,225,236 entitled Method and Apparatus for Measuring Hemostasis, the 
disclosures of which are hereby expressly incorporated herein by reference. 



15 Technical Field 

The present invention relates to a protocol and apparatus for determining heparin- 
induced thrombocytopenia (HiT). 

Background 

Blood is the circulating tissue of an organism that carries oxygen and nutritive 
20 materials to the tissues and removes carbon dioxide and various metabolic products for 

excretion. Whole blood consists of pale yellow or gray yellow fluid, plasma, in which are 
suspended red blood cells, white blood cells, platelets, and hemostatic factors. 

An accurate measurement of the ability of a patient's blood to coagulate and lyse, i.e., 
hemostasis, in a timely and effective fashion is crucial to certain surgical and medical 
25 procedures. Accelerated (rapid) and accurate detection of abnormal hemostasis is also of 
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particular importance with respect to appropriate treatment to be given to patients suffering 
from coagulopathies and to whom it may be necessary to administer anticoagulants, 
antifibrinolytic agents, thrombolytic agents, anti-platelet agents, or blood components in a 
quantity which must clearly be determined after taking into account the abnormal components 
5 or "factors" of the patient's blood and prior hemostasis treatment that may be contributing to 
the present hemostasis disorder. 

Hemostasis is a dynamic, extremely complex process involving many interacting 
factors, which include coagulation and fibrinolytic proteins, activators, inhibitors and cellular 
elements, such as platelet cytoskeleton, platelet cytoplasmic granules and platelet cell 

10 surfaces. As a result, during activation, no factor remains static or works in isolation. The 
beginning of the coagulation process is platelet aggregation (Fig. la) and the initial phase of 
the enzymatic reaction. The end result of the coagulation process is a three dimensional 
network of polymerized fibrin(ogen) fibers which together with platelet glycoprotein Db/IIIa 
(GPnb/UIa) receptor bonding forms the final clot (FIG. lb). A unique property of this 

15 network structure is that it behaves as a rigid elastic solid, capable of resisting deforming 
shear stress of the circulating blood. The strength of the final clot to resist deforming shear 
stress is determined by the structure and density of the fibrin fiber network and by the forces 
exerted by the participating platelets. 

Thus, the clot that develops and adheres to the damaged vascular system as a result of 

20 activated coagulation and resists the deforming shear stress of the circulating blood is, in 
essence, a mechanical device, formed to provide a "temporary stopper," which resists the 
shear force of circulating blood during vascular recovery. The kinetics, strength, and stability 
of the clot, that is, its physical property to resist the deforming shear force of the circulating 
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blood, determine its capacity to do the work of hemostasis, which is to stop hemorrhage 
without permitting inappropriate thrombosis. This is exactly what the Thrombelastograph® 
(TEG®) hemostasis analysis system, described below, is designed to do, which is to measure 
the time it takes for initial fibrin formation, the time it takes for the clot to reach its maximum 
5 strength, the actual maximum strength, and the clot's stability. 

Blood hemostasis analyzer instruments have been known since Professor Helmut 
Hartert developed such a device in Germany in the 1940's. One type of blood hemostasis 
analyzer is described in commonly assigned U.S. Patent Nos. 5,223,227 and 6,225,126, the 
disclosures of which are hereby expressly incorporated herein by reference. This instrument, 

10 the TEG® hemostasis analysis system, monitors the elastic properties of blood as it is 

induced to clot under a low shear environment resembling sluggish venous blood flow. The 
patterns of changes in shear elasticity of the developing clot enable the determination of the 
kinetics of clot formation, as well as the strength and stability of the formed clot; in short, the 
mechanical properties of the developing clot. As described above, the kinetics, strength and 

15 stability of the clot provides information about the ability of the clot to perform "mechanical 
work," i.e., resisting the deforming shear stress of the circulating blood; in essence, the clot is 
the elementary machine of hemostasis, and the TEG® hemostasis analysis system measures 
the ability of the clot to perform mechanical work throughout its structural development. The 
TEG® hemostasis analysis system measures continuously all phases of patient hemostasis as 

20 a net product of whole blood components in a non isolated, or static fashion from the time of 
test initiation until initial fibrin formation, through clot rate strengthening and ultimately clot 
strength through fibrin platelet bonding via platelet GPIIb/IIIa receptors and clot lysis. 
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Heparin is one of the most widely prescribed anticoagulant drugs and has been very 
successful. However, heparin also has some potential adverse affects. As with any anti- 
coagulant, there is a risk of bleeding. Heparin has also been associated with an increased risk 
of osteoporosis, cutaneous reactions, and a condition referred to as heparin-induced 
5 thrombocytopenia (HiT). 

HiT has been observed to occur in two forms. The first, type-I or non-immune HiT 
(HiT I), is commonly seen in patients receiving full dose intravenous unfractionated heparin. 
The fall in platelet count resulting from the introduction of heparin in HiT I is transient, is not 
associated with any adverse effects and is self-limiting insofar as it will resolve even if 
10 heparin therapy is continued. It is largely the result of heparin's binding directly to platelets. 

Type-II, or immune-mediate HiT (HiT II), is the result of an antigen-antibody 
reaction. In HiT n, heparin-induced antibodies may form due to frequent exposure of patient 
blood to heparin. There is a high binding affinity between heparin and platelet factor four 
(PF4). Upon binding to the heparin molecule, PF4 exposes antigenic epitopes, which trigger 
1 5 the immune system and the production of immunoglobin G (IGH). 

The IGH antibody binds to the antigen and to the platelets via the Fc fragment. 
Occupation of adjacent Fc receptors on the platelet membrane causes intense platelet 
activation resulting into lower platelet number (thrombocytopenia) and thrombosis in the 
form of white clot thrombi, leading to high risk of morbidity and mortality. 
20 The Heparin-PF4-IGH referred to here as the HiT II complex. 

There are two main classes of assays for laboratory diagnosis of HiT II: activation 
(functional) assays and antigen assays. The functional assays include the platelet aggregation 
assay and the serotonin release assay. The platelet aggregation assay is performed in the 
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laboratory with a specificity > 90%. The disadvantage is low sensitivity, < 35%, i.e., a 
relatively high probability of false negative. 

The serotonin release assay measures the release of serotonin from platelet aggregates. 
It relies on the aggregation of the platelets from the patient in the presence of heparin. This 
5 assay has high sensitivity and specificity. The disadvantage is that the assay is technically 
demanding and involves the use of radioactive materials. Of the various available functional 
assays available, platelet aggregation using washed platelets and platelet serotonin release are 
considered the most accurate. 

The other class of assays is the antigen assays. The heparin-PF4 enzyme-linked 

10 immunosorbent assay (ELISA) relies on the specificity of the HiT IGH antibodies for the 

heparin-PF4 complex. This assay is 10 times more sensitive than the serotonin release assay 
for detecting heparin-induced antibodies. However, the heparin-PF4 ELISA is expensive and 
time consuming. The assay also responds to clinically insignificant antibodies more often 
than functional assays, and hence has a lower specificity, i.e., a relatively high probability of 

15 false positive. 

Thus, most of the available laboratory tests for the diagnosis of HiT II are expensive, 
time-consuming, frequently contradictory and vary in sensitivity and specificity. 

Because of the mortality and morbidity risk associated with treating a HiT II patient 
with additional heparin or platelets, the clinician must often resort, unnecessarily, to 
20 recommending another anticoagulant agent to be used instead of heparin when HiT II is 
suspected. However, other agents are more expensive and it is difficult or impossible to 
measure the extent of anticoagulation for proper dosing of the patient to prevent ischemic 
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events. These anticoagulants also lack the agents necessary to reverse their anticoagulant 
effect, which may result with uncontrollable post-surgical hemorrhage. 

Thus, there is a need for a method and apparatus for determining heparin-induced 
thrombocytopenia. 

5 

Brief Description of the Drawings 

FIG. la is graphic illustration representing the mechanism of platelet aggregation. 
FIG. lb is graphic illustration representing a fibrin/platelet network. 
FIG. 2 is a schematic diagram of a hemostasis analyzer in accordance with a preferred 
10 embodiment of the invention. 

FIG. 3 is a plot illustrating a hemostasis profile generated by the hemostasis analyzer 
shown in FIG. 2. 

FIG. 4 is a schematic diagram of a hemostasis analyzer in accordance with an 
embodiment of the invention. 
1 5 FIG. 5 illustrates several hemostasis profiles taken in accordance with the protocol 

and apparatus of the embodiments of the invention. 



Detailed Description 

20 In accordance with the preferred embodiments of the invention, a hemostasis analyzer, 

such as the Thrombelastograph® (TEG®) hemostasis analyzer available from Haemoscope 
Corp., Niles, Illinois, is utilized to measure continuously in real time, the hemostasis process 
from the initial fibrin formation, through platelet- fibrin GPIIb/IIIa bonding and lysis. While 
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specific protocols and apparatus are discussed for determining whether a patient has heparin- 
induced thrombocytopenia (HiT), it will be appreciated that the invention has application in 
connection with other diagnostic techniques whether related to HiT or otherwise. 

In accordance with the embodiments of the invention described herein, utilization of 
5 the hemostasis analyzer in accordance with the inventive protocol permits confirmation of the 
onset of HiT II using either patient whole blood or using normal donor platelet rich plasma 
(PRP) and HiT II suspect patient plasma mixture. The whole blood testing protocol provides a 
point-of-care testing capability, while the PRP-patient plasma mixture protocol provides a 
laboratory testing capability. Either protocol relies on measurement of one or more physical 

10 characteristics of the blood clot as measured by the hemostasis analyzer. These 

characteristics include clot strength or elasticity, time to initial clot formation, rate of clot 
formation or strengthening, rate of clot lysis, and the like. Several samples prepared 
according to the particular protocol being employed may be tested in one or more testing 
stations of a hemostasis analyzer. 

15 A hemostasis analyzer 10, such as the Thrombelastograph® (TEG®) hemostasis 

analyzer referenced above, may be used to measure the physical properties of a clot formed 
during testing of a patient blood sample. The term patient blood sample is used throughout 
and interchangeably to refer to a patient whole blood sample, a PRP-patient plasma mixture, 
or other appropriate patient blood samples. An exemplary hemostasis analyzer 10 is 

20 described in detail in the aforementioned United States Patent 6,225,126, and a complete 

discussion is not repeated here. With reference to FIG. 2, to assist in the understanding of the 
invention, however, a brief description of the hemostasis analyzer 10 is provided. The 
hemostasis analyzer uses a special stationary cylindrical cup 12 that holds a blood sample 13. 
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The cup 12 is coupled to a drive mechanism that causes the cup to oscillate through an angle 
0, preferably about 4°45*. Each rotation cycle lasts 10 seconds. A pin 14 is suspended in the 
blood sample 13 by a torsion wire 15, and the pin 14 is monitored for motion. The torque of 
the rotating cup 12 is transmitted to the immersed pin 14 only after fibrin-platelet bonding has 
5 linked the cup 12 and pin 14 together. The strength of these fibrin-platelet bonds affects the 
magnitude of the pin motion, such that strong clots move the pin 14 directly in phase with the 
cup motion. Thus, the magnitude of the output is directly related to the strength of the formed 
clot. As the clot retracts or lyses, these bonds are broken and the transfer of cup motion is 
diminished. 

10 The rotational movement of the pin 14 is converted by a transducer 16 to an electrical 

signal, which can be monitored by a computer (not shown in FIG. 2) including a processor 

and a control program. 

The computer is operable on the electrical signal to create a hemostasis profile 

corresponding to the measured clotting process. Additionally, the computer may include a 
15 visual display or be coupled to a printer to provide a visual representation of the hemostasis 

profile. Such a configuration of the computer is well within the capabilities of one having 

ordinary skill in the art. 

As will also be described, based upon an assessment of the hemostasis profile, the 

computer, through its control program, may be adapted to provide treatment 
20 recommendations. As shown in FIG. 3, the resulting hemostasis profile 20 is a measure of 

the time it takes for the first fibrin strand to be formed, the kinetics of clot formation, the 

strength of the clot (measured in millimeters (mm) and converted to shear elasticity units of 
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dyn/cm 2 ) and dissolution of clot. Table I, below, provides definitions for several of these 



measured parameters. 



R 


R time is the period of time of latency from the time that the blood was placed in 
the TEG® analyzer until the initial fibrin formation. 


a 


a measures the rapidity of fibrin build-up and cross-linking (clot strengthening) 


MA 


MA, o r M aximum A mplitude i n m m, i s a d irect f unction o f the maximum 
dynamic properties of fibrin and platelet bonding via GPIIb/IIIa and represents 
the ultimate strength of the fibrin clot. 


LY30 


LY30 measures the rate of amplitude reduction 30 minutes after MA and 
represents clot retraction, or lysis. 



Table I 



5 Clinically, these measurements provide a vehicle for monitoring anti-coagulation 

therapy (e.g. heparin or warfarin), thrombolytic therapy (e.g. tPA, streptokinase, urokinase), 
effect of antifibrinolytics (e.g. s-amino-caproic acid (Amicar®), trasylol (aprotinin), 
tranexamic acid (TX)), effect of anti-platelet agents (e.g. abciximab (ReoPro®), eptifibatide 
(Integrilin®), tirofiban (Aggrastat®), blood component transfusion therapy, thrombotic risk 

1 0 assessment in cancer and infection, high risk surgery and other conditions which could 
possibly lead to excessive clotting (hypercoagulable conditions) or excessive bleeding 
(hypocoagulable conditions). In accordance with embodiments of the invention then, the 
hemostasis analyzer 10 is useful in testing the clinical efficacy of drug therapy to stop 
fibrinolysis, or the efficacy of thrombolytic drugs to monitor thrombolysis, efficacy of anti- 

1 5 platelet agents to monitor platelet inhibition, ischemic or bleeding complications. 

Quantitatively, the hemostasis analyzer 1 0 and associated computer plot the strength 
of the clot against time, where the onset of clot formation, the reaction time (R), is noted 
(FIG. 3). This plot also indicates the maximum clot strength (or rigidity), MA, of a blood 
sample. MA is an overall estimate of platelet-fibrin GPIIb/IIIa bonding, which is used, for 
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example, to guide post-operative blood platelet or fibrinogen replacement therapy. Between 
platelets and fibrin alone, an abnormally low MA implies that there is an abnormality in 
blood platelets (i.e., a quantitative or functional defect) and/or an abnormality in fibrinogen 
content in the blood. However, by keeping fibrinogen level and platelet number constant, any 
5 change in MA would reflect changes in platelet function. Therefore, an increased MA value 
reflects higher platelet function while a lower MA reflects platelet function as it diminishes 
until it reaches the limit of zero platelet activity, at which point only fibrin contributes to the 
MA. However in the absence of any other platelet activator/agonist, the presence of HiT II 
complex activates platelets increasing the MA value beyond that of fibrin. Therefore, in 
10 accordance with the above, in order to properly monitor HiT II, the following procedure may 
be followed: 

1. The TEG-5000, as it is commonly used, measures platelet function (MA) that is 
stimulated by thrombin, the most potent platelet activator that directly activates the GPHb/IIIa 
receptor site. To sensitize MA to a small activation of platelet function, platelet function such 

15 as HiT II complex, thrombin should be inhibited. Therefore, when running blood samples in 
the TEG hemostasis analyzer, formation of thrombin is inhibited with direct thrombin 
inhibitor, for example, PPACK (phenylalanyl-prolyl-arginine chloromethyl ketone). 

2. Unfortunately, thrombin is also involved in activating the fibrinogen to fibrin 
conversion. Having inhibited thrombin formation in Step 1, it is necessary to use another 

20 enzyme to activate fibrinogen. Reptilase (Batroxabin), whose sole function is to activate 

fibrinogen to fibrin, is a suitable enzyme. The clot is now stimulated by reptilase (fibrinogen 
activator) and weaker platelet agonist such as HiT II complex. The strength of the clot is 
measured by MA, as described above. 
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3. The clot that is formed by a fibrinogen activator like reptilase and platelet 
activation by HiT II complex is typically weaker than one developed by thrombin. Therefore, 
activated Factor XIII (Factor XIQa) may be added. Factor XEQa causes a modification of the 
fibrin network from hydrogen bonding to stronger covalent bonding referred to as fibrin cross 
5 linking, which further enhances fibrin clot strength. 

Based on the above, the following protocol may be implemented. 
Referring to FIGs. 4 and 5, a protocol is described for determining HiT II using a 
hemostasis analyzer. FIG. 4 illustrates four testing stations 10a, 10b, 10c and lOd of a 
hemostasis analyzer 10'. Each station may be substantially similar to the station 10 described 

10 in connection with FIG. 2, or may be of another configuration. The stations may also be part 
of separate testing apparatus, for example, there may be four signal station devices, two dual 
station devices, one four station devices, etc. Each station is configured to testing a 
corresponding blood sample and to provide a blood sample characteristic. For example, each 
station may be configured to provide the parameters R, a, MA and LY 30 for each blood 

15 sample. A first blood sample 13a, may be a baseline sample. The second and third samples 
13b and 13c may have varying amounts of heparin added. The fourth sample 13d may be 
prepared to substantially completely suppress platelet activation. For example, this may be 
achieved by including in the sample a sufficiently large quantity of heparin. Each of the 
samples is tested and the MA reported for each sample. The MA of the first sample 13a 

20 represents the fibrin contribution to clot strength absent substantial platelet activation, i.e., 

MAfib* Given the near complete suppression of platelet activation in the sample 13d, the MA 
of this sample should be very nearly the same as MA F ib. In the presence of HiT antibodies, 
there will be some platelet-platelet aggregation resulting in a greater MA than that of fibrin 
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contribution alone, i.e., MAfib. Thus, if the MA of the samples 13b and 13c is measurably 
greater than MA F ib, for example approximately 1.5 to 3 times greater, HiT II is indicated. 
From the foregoing the following protocols may be defined. 

Example 1 : Assaying HiT II Using Normal Donor Platelet Rich Plasma Mixed with 
5 HiT II Patient Citrated Plasma 

Normal donor whole blood is drawn and transferred to a plastic centrifuge tube with 
5-15 ul of PPACK for each 1 ml of blood. Normal donors should have a platelet count > 
150,000/ul and not be taking NSAIDS or other platelet inhibitors. For a typical test, 12 ml of 

10 blood is drawn and added to a tube containing approximately 180 ul of PPACK. The tube is 
capped and mixed by inverting several times, e.g., 3 times. The sample is centrifuged lOOg 
for 20 minutes (for standard IEC table top centrifuge this is 800 RPM) to separate platelet 
rich plasma (PRP) from other blood cells. This procedure should result in sufficient PRP for 
3-4 test mixtures, and the excess PRP may be stored at -35 to -70 degrees C until assay. 

15 A PRP-patient plasma mixture is prepared. Patient plasma is isolated by standard 

procedures from citrated whole blood stored at -30 to -70 degrees C. The normal PRP is 
added to thawed, room temperature test patient plasma in the ratio of approximately 2:1, e.g., 
approximately 1.6-1.2 ml PRP is added to approximately 0.8-0.6 ml test patient plasma, and 
mixed well. This procedure is only for citrated plasma, not for sera or plasma collected into 

20 other anticoagulants, nor for HiT patient whole blood. 

Four sample vessels are readied for testing. To the first sample vessel 5 ul saline is 
added. To the second sample vessel 5 ul of 1 U/ml heparin is added. To the third sample 
vessel 5 ul of 3 U/ml heparin is added. To the fourth sample vessel 5 ul of 30 U/ml heparin is 
added. The heparin may be provided in pre-packaged tubes/vials of the appropriate 
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concentrations. For example, HiTl , HiT3 and HiT30 vials may be provided containing 
various amounts of heparin. 

To each sample vessel, 350 jil PRP-patient plasma mixture is added and mixed, e.g., 3 
times mixing with pipet. If done in the above sequence, a single pipet may be used. The 
samples, except for the first vessel, are incubated at 37 degrees C for at least 10 minutes. If a 
TEG® hemostasis analyzer is being used, the cups may be slide to the testing position to get 
slow mixing and to avoid evaporation. Other techniques for mixing and for avoiding 
evaporation may be employed, particularly if a non-TEG® hemostasis analyzer is not 
employed. 

To assay, to each sample vessel approximately 10 ul of an activator is added and 
immediately mixed, e.g., 3 times mixing with another pipet of 350 jlxI PRP-patient plasma 
mixture. The sample vessel is then rapidly moved to the testing position and the test initiated. 
The test should be started within 30 seconds of adding the activator. The activator may be a 
combination of Reptilase® and FXHIa or Reptilase®, FXIIIa and Epinephrine. Once the jil 
PRP-patient plasma mixture and 10 ul of activator are added to each vessel, the first vessel 
will contain no added heparin, the second vessel will contain 1 U/ml heparin, the third vessel 
will contain 3 U/ml heparin and the fourth vessel will contain 30 U/ml heparin. 

The test is continued until stable maximum amplitude is obtained. The expected 
positive result for HiT II is that either the second or third sample, 1 U/ml heparin or 3 U/ml 
heparin, respectively, will give an MA response greater than the sample 1 MA. For example, 
the MA of the second or third sample should be approximately 1.5-3 times greater than the 
MA for sample 1. In one embodiment the expected MA2 and/or MA3 is > 10mm, using the 
TEG® hemostasis analyzer parameter MA, and is 2 times greater than MAI or MA4. 
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This may be expressed as: 

MA2 and/or MA3 2X > MAI ~ MA4 
which is a positive indication for HiT n. The MA of sample 4, 30 U/ml heparin, should 
appear substantially equal to the MA of sample 1 due to the substantially complete platelet 
5 suppression of the overwhelming amount of heparin added to the sample. 

Example 2: Assaying HiT II Using Patient Whole Blood 

A sample 3 ml of suspect HiT II patient whole blood is drawn into a plastic tube with 

approximately 5 ul of 5 mg/ml PPACK for each 1 ml of blood. The patient should have a 
10 platelet count > 50,000/ ul. In addition, the patient should not be on GPIIb/IIIa inhibitor 

drugs such as ReoPro®, Integrilin® and Aggrestat; or other drugs that mask platelet 

activation by the HiT II antibody complex. 

For a typical test, 6 ml of patient blood is drawn into a plastic tube with 30 ul PPACK 

and is mixed. This provides sufficient sample blood for the assay and will provide enough 
15 left over to isolate plasma for a confirming test with normal donor blood as described above 

in Example 1, especially if the patient has a platelet count < 50,000/(il. 

Four sample vessels are readied for testing. To the first sample vessel 5 ul saline is 

added. To the second sample vessel 5 ul of 1 U/ml heparin is added. To the third sample 

vessel 5 ul of 3 U/ml heparin is added. To the fourth sample vessel 5 ul of 30 U/ml heparin is 
20 added. The heparin may be provided in pre-packaged tubes/vials of the appropriate 

concentrations. For example, HiTl, HiT3 and HiT30 vials may be provided containing 

various amounts of heparin. 
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To each sample vessel 350 ul of the anticoagulated whole blood is added and mixed, 
e.g., three times mixing with pipet. If done in the sequence described above, a single pipet 
may be used for the additions and mixing. The samples, except for the first vessel, are 
incubated at 37 degrees C for at least 10 minutes. If a TEG® hemostasis analyzer is being 
5 used, the cups may be slide to the testing position to get slow mixing and to avoid 

evaporation. Other techniques for mixing and for avoiding evaporation may be employed. 

To assay, to each sample vessel 10 ul of an activator is added and immediately mixed, 
e.g., 3 times mixing with another pipet of 350 ul suspect HiT II patient whole blood. The 
sample vessel is then rapidly moved to the testing position and the test initiated. The test 

10 should be started within 30 seconds of adding the activator. The activator may be a 

combination of Reptilase® and FXIIIa or Reptilase®, FXIIIa and Epinephrine. Once the 
suspect HiT II patient whole blood and 10 ul of activator are added to each vessel, the first 
vessel will contain no added heparin, the second vessel will contain 1 U/ml heparin, the third 
vessel will contain 3 U/ml heparin and the fourth vessel will contain 30 U/ml heparin. 

15 The test is continued until stable maximum amplitude is obtained. The expected 

positive result for HiT II is that either the second or third sample, 1 U/ml heparin or 3 U/ml 
heparin, respectively, will give an MA response greater than the sample 1 MA. For example, 
the MA of the second or third sample should be approximately 1.5-3 times greater than the 
MA for sample 1 . In one embodiment the expected MA2 and/or MA3 is > 10mm, using the 

20 TEG® hemostasis analyzer parameter MA, and is 2 times greater than MAI or MA4. This 
may be expressed as: 

MA2 and/or MA3 2X > MAI ~ MA4 
which is a positive indication for HiT n. The MA of sample 4, 30 U/ml heparin, should 
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appear substantially equal to the MA of sample 1 due to the substantially complete platelet 
suppression of the overwhelming amount of heparin added to the sample. The patient whole 
blood testing protocol advantageously provides for point-of-care determination of HiT II. 
A positive indication for HiT II is illustrated in FIG. 5a using results obtain from a 
5 TEG® hemostasis analyzer and referring to the parameter MA. Trace 22 represents MAI and 
trace 24 represents MA4 5 both of which are substantially less than 10 mm, and on the order of 
2-5 mm. Trace 26 represents MA2 and trace 28 represents M A3, both of which are 
substantially greater than 10mm, and on the order of 15mm and 40mm, respectively. Thus, 
both MA2 and MA3 are greater than 10mm and greater than 2 time either MAI or MA4, 

10 which are substantially equal providing a positive indication for HiT II. 

FIG. 5b illustrates the absence of HiT IL Trace 30 represents MAI and trace 32 
represents MA4, both of which are substantially less than 10 mm, and on the order of 2-5 
mm. Trace 34 represents MA2 and trace 46 represents MA3, both of which are also less than 
10mm, and on the order of 2-5. Thus, both MA2 and MA3 are less than 10mm and 

1 5 approximately equal to MAI or MA4, providing a negative indication for HiT II. 

An assay kit may be prepared. Such a kit may include a plurality of testing vessels, a 
quantity of heparin and a quantity of activator. Each of the testing vessels will be configured 
to hold a blood sample for testing in a blood hemostasis analyzer. For example, for the 
TEG® hemostasis analyzer, the testing vessel will be a cup 12, and four cups would be 

20 provided. For other types of testing apparatus, different vessels may be used. The quantity of 
heparin should be sufficient to prepare the required heparinized blood samples for testing. 
However, the kit may include three separate tubes/vials of heparin in the appropriate 
concentrations for the assay, as described above. A quantity of activator sufficient to activate 
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the blood samples is also included in a separate tube/vial. The kit may also contain a quantity 
of PPACK in a tube/vial. The tubes/vials may be color coded, numbered or otherwise 
marked. The kit may be separable so as to facilitate storage. For example, PPACK may be 
provided in a 5 mg vial. The PPACK is then reconstituted with 1 ml saline, and the 
5 reconstituted PPACK should be stored at 0 to -4 degrees C, and will remain stable for several 
months. The required amount may be removed from the kit and the remainder returned to 
storage. 

Unopened heparin stock, such as the above-described 1 U/ml, 3 U/ml and 30 U/ml 
heparin vials, may be stored at 0 to -4 degrees C and will remain stable for several months. 

10 Opened tubes should be discarded within one week after opening. 

Unopened vials of activator, which may contain approximately 1.8 ml, should be 
stored at -70 degrees C and will remain stable for several weeks. Opened stock should be 
discarded within 8 hours of opening. Each vial may be sized, therefore, to provide only 
enough activator for each of the four samples. The activator should be thawed to room 

15 temperature before use. 

Activator components may also be provided in stock vials from which activator is 
prepared to conduct assays. For example, a measure of activator, e.g., 180 \il 9 may be drawn 
into a tube from the provided stock vial. Depending on the assay type, additional components 
may be added. For example, for the normal donor plus citrated patient plasma test, Example 

20 1 above, 20 nl 2M CaCl 2 may be added along with 10 p.1 ImM Epinephrine. For the whole 
blood test, Example 2 above, 20 |il saline may be added along with 10 \i\ ImM Epinephrine. 
Other activators may be utilized depending on the availability of activator components and 
the type of test to be conducted. 
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The invention has been described in terms of several preferred embodiments and 
examples. One of skill in the art will appreciate that the invention may be otherwise 
embodied without departing from its fair scope, which is set forth in the subjoined claims. 
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